TITLE OF THE INVENTION 





BACKGROUND OF THE INVENTION 



► Field of the«^8!¥tieB- 

This invention relates to digital cameras and, more particularly, to a digital camera 
which can create one screen of image signals based on a first charge (first camera signal) 
produced due to first exposure by a CCD imager and a second charge (second camera 
signal) due to second exposure of the CCD imager. 
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^le digital camera employs an image sensor, such as a CCD imager, to shoot a 
}Ay^h]cci, I^the CCD imager is given a subject image in front thereof, light receiving 
elements prdduce electric charges proportionally to the amount of light through 
photoelectric conversion. The charges thus produced are outputted through the vertical 
and horizontal transfer registers. By performing a predetermined signal process on these 
charges (camera signal), a subject image is reproduced on a monitor. The subject image 
is also recorded to a memory medium. 

However, there i\ limitation in charge amount to be stored on the light receiving 
elements. Consequently, i\ the subject image has an extremely-high light quantity area 
(bright area), saturation of cn^ge possibly occurs in such an area. Thus, in the 
conventional digital camera then^ has been limitation in the dynamic range for a shot 
subject image. 
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SUMMARY OF THE INVENTION 

It is therefore a primary object of the present invention to provide a digital camera 
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having a dynamic range to be broadened for a taken subject image. 

A digital camera according to the present invention, comprises: a CCD imager 
having light receiving elements vertically and horizontally arranged respectively in a first 
predetermined number and a second predetermined number, and including the second 
5 predetermined number of vertical transfer registers each having the first predetermined 
number of transfer regions and a horizontal transfer register connected to output ends of 
the vertical transfer registers; a timing generator connected to the CCD imager to supply 
predetermined timing signals to the CCD imager, the predetermined timing signals 
including a first exposure signal to perform first exposure for a first predetermined 

10 period, a first read signal to read a first charge created due to the first exposure from first 
light receiving elements positioned vertically intermittently to the vertical transfer 
registers, a charge moving signal to move the first charge to vacant transfer regions of the 
vertical transfer registers, a second exposure signal to perform second exposure for a 
second predetermined period different from the first predetermined period, a second read 

15 signal to read a second charge created due to the second exposure from second light 

receiving elements positioned vertically intermittently to the vertical transfer registers, a 
first vertical transfer signal to vertically transfer the first charge and the second charge on 
the vertical transfer registers, and a first horizontal transfer signal to horizontally transfer 
the first charge and the second charge to the horizontal transfer register; a first processor 

20 connected to the CCD imager and creating one screen of a first image signal based on the 
first charge and the second charge that have been outputted from the horizontal transfer 
register. 

According to this invention, the CCD imager has light receiving elements in 
:ally in a first predetermined number and horizontally in a second 
termiI^fed number, and includes the second predetermined number of vertical 
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transfer registers each having t le first predetermined number of transfer regions and a 
horizontal transfer register com ected to output ends of the vertical transfer registers. The 
timing generator supplies prede termined timing signals to the CCD imager. 

First exposure for a firstf predetermined period is effected by a first exposure 
signal. The first charge produied by the first exposure is read by a first read signal from 
the first light receiving elemei ts positioned vertically intermittently to the vertical 
transfer registers. The first cl arge thus read is moved to vacant transfer regions of the 

charge moving signal. Second exposure for a second 
from the first predetermined period is effected by a second 



vertical transfer registers by a 
predetermined period differen : 



exposure signal. A second ch irge produced due to the second exposure is read by a 



second read signal from the se 
intermittently to the vertical tr; 



:ond light receiving elements positioned vertically 
nsfer registers. The first and second charges thus read on 
the vertical transfer registers aie vertically transferred by a first vertical transfer signal, 
being delivered to the horizont; l1 transfer register. The first and second charges given to 
the horizontal transfer register s thereafter horizontally transferred by a first horizontal 
transfer signal. ^ 

The first processor creates one screen of a first image signal based on the first and 
second charges thus outputted from the horizontal transfer register. 

Jecause one screen of an image signal is created based on a first charge produced 
^exposure for a first predetermined period and a second charge due to second 
dynamic range for the shot image can be broadened. 
Accordmg to one embodiment, the first light receiving elements and the second 
light receiving elements are same light receiving elements. Also, the charge moving 
signal is a signal to move the first charge simultaneously with or prior to reading out the 
second charge. Here, me moving distance of the first charge is greater than a distance that 
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the first light receiving eleme its vertically continue. When the first light receiving 
elements of N (N ^1) in nur iber exist vertically intermittently for each, the first charge 

corresponding to the first light receiving elements of N in 



moves over at least a distance 
number. 

5 In another embodiment bf the invention, an image corresponding to the first image 

signal is displayed on the monilor connected to the first processor. 

In one aspect of the inv mtion, when a shutter button is operated, a third exposure 
signal is outputted from the tin ling generator. Due to this, third exposure is effected for a 
third predetermined period. A third charge produced due to the third exposure is read 
10 from all the light receiving eler lents to the vertical transfer registers by a third read signal. 
The third charge read to the vertical transfer register is vertically transferred by a second 
vertical transfer signal to the horizontal transfer register. The third charge on the 
horizontal transfer register is tl ereafter horizontally transferred by a second horizontal 
transfer signal, 

15 After the third exposure a fourth exposure signal is outputted from the timing 

generator, thereby starting fourth exposure. Elapsing a fourth predetermined period, a 
shutter member is driven by a d ive signal whereby light incidence onto the CCD imager 
is blocked off by the shutter me nber. That is, the fourth exposure ends by a mechanical 
shutter scheme. A fourth charg ; produced due to the fourth exposure, after completing 

-ge, is read from all the light receiving elements to the 
vertical transfer registers by a flburth read signal. The fourth charge read to the vertical 
transfer registers is then vertically transferred by a third vertical transfer signal to the 
horizontal transfer register. Tne fourth charge on the horizontal transfer register is 
thereafter horizontally transfe^ed by a third horizontal transfer signal, thus being 
25 outputted to the CCD imagerJ 
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A second processor creates one screen of a second image signal based on the third 
and fourth charges outputted from the CCD imager. The created second image signal is 
thereafter recorded in a compression state to a recording medium. 

digital camera according to the invention, comprises: a CCD imager having 



ight receiidng elements vertically and horizontally arranged respectively in a first 
predetermined number and a second predetermined number, and including the second 
predetermined laumber of vertical transfer registers each having the first predetermined 
number of transfet regions and a horizontal transfer register connected to output ends of 
the vertical transfer\egisters; a first exposure means for giving first exposure or first 
10 predetermined period to the CCD imager; a first read means for reading a first charge 

created due to the first exposure from first light receiving elements positioned vertically 
intermittently to the vertic^transfer registers; a charge moving means for moving the 
first charge to vacant transfer isegions of the vertical transfer registers; a second exposure 
means for giving second exposur^ to the CCD imager for a second predetermined period 
15 different from the first predetermine period; a second read means for reading second 
charge created due to the second exposure from second light receiving elements 
positioned vertically intermittently to the\ertical transfer registers; a first vertical transfer 
means for vertically transferring the first ch^ge and the second charge over the vertical 
transfer registers; a horizontal transfer means r^r horizontally transferring the first charge 
20 and the second charge given to the horizontal trah^fer register; and a first image signal 

creating means for creating one screen of a first image signal based on the first charge and 
the second charge that have been outputted from the ho^zontal transfer register. 

According to this invention, a CCD imager has ligKt receiving elements vertically 
and horizontally arranged respectively in a first predetermiired number and a second 
25 predetermined number, and includes the second predetermine?! number of vertical 
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first predetermined period. The firs 
first exposure from the first light re 



transfer registers each having the firit predetermined number of transfer regions and a 
horizontal transfer register connectqfd to output ends of the vertical transfer registers. The 
first exposure means causes the CCjD imager thus structured to effect first exposure for a 

read means reads the first charge produced due to the 
eiving elements positioned vertically intermittently 
to the vertical transfer registers. Thi first charge thus read is moved to vacant transfer 
regions of the vertical transfer registc rs by the charge moving means. 

On the other hand, the second exposure means causes the CCD imager to effect 
second exposure for a second predete: mined period different from the first predetermined 
period. The second read means readj the second charge produced due to the second 
exposure from the second light recei\ ing elements positioned vertically intermittently to 
the vertical transfer registers. The fiist and second charges thus read to the vertical 
transfer registers are vertically transf ^rred by the first vertical transfer means. The first 
and second charges when delivered t d the horizontal transfer register are horizontally 
transferred by the first transfer mean: . The first image signal creating means creates one 
screen of a first image signal based o i the first and second charges outputted from the 
horizontal transfer register. 

ge signal is created based on the first charge 



Because one screen of an irrn 



produced due to the first exposure fc r the first predetermined period and the second 
charge due to the second exposure fOT the second predetermined period, the dynamic 
range can be broadened for a shot image. 

In one embodiment of this inve ition, the first light receiving elements and the 
second light receiving elements are sar le light receiving elements. The charge moving 
means moves the first charge simultane 3us with or prior to reading out the second charge. 
Here, the first charge has a moving disi ance greater than a distance that the first light 
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receiving elements vertically cchtinue. That is, when the first light receiving elements of 
N (N ^ 1) in number exist verti Ally intermittently for each, the first charge moving over 
at least a distance corresponding \d the first light receiving elements of N in number. 

In another embodiment of the invention, the first exposure means and the second 
exposure means are of an electroniashutter scheme to give the first exposure and the 
second exposure. \ 

In still another embodiment oflthe invention, an image corresponding to the first 
image signal is displayed on a monitof. 

In one aspect of this invention, a /hen a shutter button is operated, third exposure is 
effected for a third predetermined peric d by a third exposure means. The third charge 
produced due to the third exposure is niad from all the light receiving elements to the 
vertical transfer registers by a third reai 1 means, and thereafter vertically transferred by a 
second transfer means. When the thirdlcharge is delivered by vertical transfer to the 
horizontal transfer register, a second horizontal transfer means horizontally transfers the 
third charge. A fourth exposure means iffects fourth exposure after the third exposure. 
Elapsing a fourth predetermined period fwm a start of the fourth exposure, a drive means 
drives a shutter member. Due to this, lighl incidence onto the CCD imager is blocked off 
thus ending the fourth exposure. V 

The fourth charge produced due to tfte fourth exposure, after completing vertical 
transfer of the third charge, is read by a fourth read means from all the light receiving 
elements to the vertical transfer registers. Thejread charge is vertically transferred to the 
horizontal transfer register by a third vertical tr msfer means. The fourth charge delivered 
to the horizontal transfer register is thereafter 1 orizontally transferred by a third 
horizontal transfer means. A second image sig lal creating means creates one screen of a 
second image signal based on the third and fou 'th charges outputted from the horizontal 
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transfer registers. The createfl second image signal is recorded in a compression state to a 
recording medium by a recoraing means. 

The above described objects and other objects, features, aspects and advantages of 
the present invention will become more apparent from the following detailed description 
of the present invention when taken in conjunction with the accompanying drawings. 




BRIEF DESCRIPTION OF THE DRAWINGS 

mre 1 is a block diagram showing one embodiment of this invention; 
Figure 2 is an illustrative view showing a CCD imager applied to the Figure 1 
10 j^bodiment; 

Figure 3 Jb a block diagram showing one part of a timing generator applied to the 
Figure 1 embodiment; 

Figure 4 is a Aiming chart showing one part of operation in a camera mode of the 
Figure 1 embodiment;\ 

15 Figure 5 is an illustrative view showing one part of operation in the camera mode 

of the Figure 1 embodimmit; 

Figure 6 is a timing\chart showing one part of operation of the Figure 1 
embodiment when a shutter button is pressed; 

Figure 7 is a block dia^am showing another embodiment of this invention; 
20 Figure 8 is a block diagram showing one part of a timing generator applied to the 

Figure 7 embodiment; 

Figure 9 is an illustrative vi^ showing one part of operation in a camera mode of 
the Figure 7 embodiment; 

Figure 10 is an illustrative view Rowing another part of operation in the camera 
25 mode of the Figure 7 embodiment; 
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Figure 11 is a timing c 
Figure 12 is a detailed 
Figure 13 is a detailed 
Figure 14 is a detailed 



lart showing one part of operation in the camera mode; 
timing chart for a period A shown in Figure 11; 
iming chart for a period B shown in Figure 11; and 
iming chart for a period C shown in Figure 11. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

/Referring to Figure 1, a digital camera 10 of this embodiment includes an optical 
lenf§ 12 ano^ shutter member 14 that mechanically operates to block off incoming light. 
A subject image is given through the optical lens 12 and shutter member 14 to a CCD 
imager 16 of an ifUerline transfer scheme. The CCD imager 16, with a resolution of 
XGA, includes pixel^n the number of "horizontally 1280" and vertically "960". 

The CCD image\ 16 is formed with a plurality of light receiving elements 16a, as 
shown in Fig. 2. The ligh^eceiving elements 16a have, at a front, a primary color filter 
15 having filter elements of ^ G and B arranged in a mosaic form. The light receiving 
elements 16a constitute pixels for the CCD imager 16, wherein each light receiving 
element 16a correspond to any of tHe filter elements. The subject image is passed through 
the primary color filter 15 formed as above to the light receiving elements 16a for 
photoelectric conversion. \ 

The charge thus photoelectrically converted by the light receiving element 16a is 
read onto a vertical transfer register 16b. The vef^cal transfer registers 16b are arranged 
in number of horizontally 1280. Each vertical transfeKJ*egisters 16b is formed by a 
plurality of metals. Three metals correspond to one light fi^eiving element 16a, and the 
three metals form one transfer region. During charge reading, o^reased is the potential 
on a central metal, shown by hatching, of the three metals forming ot^ transfer region. 
Due to this, the charge stored on each light receiving element 16a can beS^ead onto a 
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vertical transfer register 16b without being mixed with the charge of other elements. The 
charge thus read is vertically transferred without being mixed with the charges of other 
elements, by varying the potentials on the metals. The vertical transfer registers 16b has 
their outbut ends connected with a horizontal transfer register 16c. The horizontal 
transfer rfegister 16c, each time 1 line of charge is inputted from each vertical transfer 
register ijSb, transfers the same charge in the horizontal direction. In this manner, the 
charges scored on the light receiving elements 16a is outputted line by line as a camera 
signal. 

The charge accumulated on the light receiving element 16a is read onto the 
10 vertical transfer register 16b in response to a charge reading pulse XSG, and the read 

charge is then transferred to the horizontal transfer register 16c in response to a vertical 
transfer pulse XVI. The charge delivered to the horizontal transfer register 16c is 
outputted to an outside in response to a horizontal transfer pulse XHl. Meanwhile, the 
charge accumulated on the light receiving element 16a during a non-exposure period is 
15 swept out to an overflow drain (not shown) due to a charge sweep pulse XSUB. These 
pulses are outputted from timing generator (TG) 22 connected to the CCD imager 16. 
These pulses are controlled in output timing by a CPU 40 whereby exposure time and the 
number of pixels in an output camera signal are varied. Incidentally, the method of 
controlling exposure with the charge sweep pulse XSUB or charge read pulse XSG is a 
20 ^ Mc^-known technique called electronic shutter, 

a camera mode to display motion images real time on an LCD 38, a charge 
eep pulise XSUB, a charge read pulse XSG, a vertical transfer pulse XVI and a 
horizontal transfer pulse XHl are outputted in timing shown in Figure 4(B) - (C) with 
respect to a vemcal synchronizing signal Vsync shown in Figure 4(A). First, in 
25 synchronism wit\ a vertical synchronizing signal Vsync a charge sweep pulse XSUB is 
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are read onto the vertical 
The LCD 38 has d 



outputted to sweep away all the charges accumulated on the light receiving element 16a. 
From this time, first expc sure is started and newly produced charges are accumulated on 
the light receiving elemei 1 16a. Elapsing a predetermined time, a charge read pulse XSG 
is outputted and the charges accumulated on a predetermined light receiving element 16a 

: transfer register 16b. 
resolution of VGA. In the camera mode, a camera signal of 
1280 pixels X 140 linesi provides creation of a display image of 640 pixels X 480 lines. 
Due to this, in the case ttiat 8 lines are taken as 1 unit to assign VI - V8 to each line, the 
charge (D accumulated bn the lines V5 and V8 is read out. In this manner, when the 
charge ® of 1280 pixels X 140 lines has been read out, the first exposure is ended. 

Referring back jo Figure 4, immediately after ending the first exposure, a charge 
sweep pulse XSUB is ©utputted to start second exposure from this time. Elapsing a 
predetermined time, a charge read pulse XSG same as the first exposure is again 
outputted to read out charges of 1280 pixels X 140 lines from the same light receiving 
element 16a as in the first exposure. At this time, the second exposure is ended. If the 
second exposure is ended, charge sweep pulses XSUB are repeatedly outputted until a 
next first exposure is sflarted, consecutively sweeping away the charges accumulated on 
the light receiving elenjent 16a, 

The vertical charge transfer due to the vertical transfer pulse XVI and horizontal 
charge transfer due to tAe horizontal transfer pulse XHl are started simultaneous with 
reading out the charges obtained by the second exposure. In the camera mode used are 
only 240 lines that is 1/4 of 960 lines of light receiving elements 16a, leaving a vacant 
transfer region of 720 Hops to the vertical transfer register 16b. Due to this, as shown in 
Figure 5(B) the charge (D based on the first exposure is vertically moved simultaneous 
with reading out the charge d) based on the second exposure. 
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The light receiving ele 
one with respect to the vertica 



ent 16a to be read out are intermittently positioned one by 



direction, and the moving distance of the charge (3) is at 
least a distance between adjacent light receiving elements 16a. Due to this, the charge ® 
moves to a transfer region (vac ant transfer region) corresponding to a light receiving 
element 16a now not to be rea( out. At a time point that the charge (5) is read out, the ' 
charges ® and (D exist on evdry other line without being mixed with each other. The 
charges (D and (D are vertica ly transferred in this state and then horizontally transferred 
through the horizontal transfi r register 16c. Through the horizontal transfer register 16c 
the charge ® (first camera si gnal) and the charge (2) (second camera signal ) are 
10 alternately outputted line by Ifine. 

Referring to Figure 1, She first camera signal and second camera signal outputted 
from the CCD imager 16 are subjected to well-known noise removal and level 
adjustment by a CDS/AGC circiiit 18, and then converted into first camera data and 
second camera data by an A/D converter 20. 
15 In the camera mode, a switch SWl is switched between a terminal S2 and a 

terminal S3 at a time interval of 1-line period. Also, a switch SW2 is connected to a 
terminal S5. Both the switches SWl and SW2 are controlled by a CPU 40. The first 
camera data and the second camera data coexist every line. Consequently, a 2-screen 
composting circuit 32 is inputted by the first camera data with 1-line delay through a line 
20 memory 30 and the second camera data without delay. That is, the first camera data and 
second camera data on a same line are simultaneously inputted to the 2-screen 
compositing circuit 32. Incidentally, the writing to and reading from the line memory 30 
are controlled by a memory control circuit 24. 
-^I^^Jp^y/^he 2-screen compositing circuit 32 selects a signal having a brightness satisfying 
25 a ^edete^ined condition from the simultaneously-inputted first and second camera 
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data. In this embodiment, the first exposure time is longer than the second exposure time, 
and accordingly the sedbnd camera data is employed for a subject high brightness portion 
while the first camerydata is for a low brightness portion. In this manner, created is 
composite camera data having 1280 pixels X 240 lines that is broadened in dynamic 
range in a pseudoyFashion. The composite camera data is thereafter subjected to YUV 
conversion, thirihing-out, interpolation and the like by a signal processing circuit 34, and 
thereby created into image data having 640 pixels X 480 lines. The created image data is 
outputted i^o the LCD 38. As a result, real time motion pictures (through pictures) are 
displayed^ 

10 If an operator manipulates a shutter button 42, the CPU 40 supplies to the TG 22 a 

picture taking instruction signal shown in Figure 6(A). The TG 22, in turns, outputs a 
charge sweep pulse XSUB, a charge read pulse XSG, a shutter drive signal, a vertical 
transfer pulse XVI and a horizontal transfer pulse XHl respectively shown in Figure 6(B) 
(F). 

That is, nearly simultaneous with a picture taking instruction, a charge sweep 

is outputted almost simultaneous with the picture taking instruction, to start 
exposureNElapsing a predetermined period, a charge read pulse XSG is outputted to 
read charges of 128(hRixels X 960 lines from all the light receiving elements 16a onto the 
vertical transfer registers r6to. At this time, the third exposure is ended. When the shutter 
20 button 42 is operated, charges a^8;^ead from all the light receiving elements 16a. 

Accordingly, no vacant areas are forni^on the vertical transfer registers 16b, differently 
from the camera mode. A vertical transfer pb^e XVI and horizontal transfer pulse XHl 
are outputted immediately after ending the third ex^^^re. The third charge, or third 
camera signal, read out onto the vertical transfer registers is promptly outputted 
25 through the horizontal transfer register 16c. 
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transfer. Elapsing a predeterminec 



Accordingly, there is no need to re 
period. Thus, even after closure of 
light receiving elements 16a. After 



Immediately after outputting a charge read pulse XSG, a charge sweep pulse 
XSUB is outputted to start fourth qxposure nearly simultaneous with the start of vertical 

time from a start of the fourth exposure, a shutter 
drive signal rises to driv^/a shutterbnember 14. Due to this, incident light is blocked off, 
thus ending the fourth exposure. M this manner, third exposure starting and ending as 
well as fourth exposure starting are cpntroUed by an electronic shutter scheme. However, 
fourth exposure ending is controlled by a mechanical shutter scheme. 

With a mechanical shutter sciieme, the incidence of light onto the CCD imager 16 
is actually blocked off by the shutter member 14 arranged in front of the CCD imager 16. 

d out charges immediately after elapsing an exposure 
the shutter member 14, the charges are held on the 
Icompleting vertical and horizontal transfer of the 
third charge based on third exposure a charge read pulse XSG is outputted. Due to the 
charge read pulse XSG, a fourth chaige of 1280 pixels X 960 lines based on fourth 
exposure is read out of the light receiving elements 16a. Because after completing the 
reading out, the shutter member 14 is no longer required to be closed, the shutter drive 
signal is fallen to open the shutter member 14. Meanwhile, immediately after reading the 
third charge out of the light receiving eUements 16a, a vertical transfer pulse XVI and 
horizontal transfer pulse XHl are outputted. Thus, a fourth charge, i.e. fourth camera 
signal, based on fourth exposure is outpuMed. 

In this manner, when the shutter button 42 is operated, a third camera signal and a 
fourth camera signal are individually out )utted from the CCD imager 16. The output 
third camera signal and fourth camera si| ;nal are respectively converted into third camera 
data and fourth camera data through the processing of CDS/AGC similarly to the above. 
The CPU 40 causes the switch SWl to connect to the terminal SI when third camera data 



\ 
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is outputted from the A/D converter 



memory 28 by the memory control circuit 24. When all the third camera data is written 



onto the frame memory 28, the CPU 
Accordingly, the fourth camera data 
the A/D converter 20 is directly inp 




10, The third camera data is written onto the frame 



causes the switch SWl to connect to the terminal S3, 
to be outputted following the third camera data from 
itted to the 2-screen compositing circuit 32. 



The memory control circuit 24 reads the third camera data from the frame memory 



28, simultaneously with outputting 



t le fourth camera data from the A/D converter 20. 



The switch SW4 is caused to connec :t to the terminal S4 by the CPU 40 so that the read 



third camera data is inputted to the 
SW4. That is, the third camera dat i 
simultaneously inputted to the 2-sc 



^-screen compositing circuit 32 through the switch 
and the fourth camera data on a same line are 
een compositing circuit 32. 
The 2-screen compositing circuit 32 composites together the third camera data and 
the fourth camera data in a manner similar to the above, thereby creating composite 
camera data having 1280 pixels X 960 lines that is broadened in dynamic range in a 
pseudo fashion. The signal processing circuit 34 performs YUV conversion on the 
composite camera data and compresses the resulting YUV data by a JPEG scheme. The 
compressed image data is then recorded in a recording media 36. 

Now explained in detail will be the operation of TG 22 responsive to shutter 
button 42 operation with reference to Figure 3. A picture taking instruction signal is 
supplied to a reset terminal of a counter 22b through an inverter 22a, thereby resetting a 
counter 22b. Meanwhile, a clock twice the horizontal transfer pulse XHlis given to a 
clock terminal of the counter 22b, whereby a count value is incremented by this clock. 
The count value thus given is inputted to decoders 22c - 22g. The recorders 22c - 22g 
respectively produce a charge sweep pulse XSUB, a charge read pulse XSG, a shutter 
drive signal, a vertical transfer pulse XVI and a horizontal transfer pulse XHl shown in 
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Figure 6(B) - (F), in response to the count value input. That is, the decoders 22c - 22g are 
enabled by the CPU 40 responsive to an operation of the shutter button 42. 

Referring to Figure 7, a digital camera 10 of another embodiment has a TG 22 to 
which a TG shown in Figure 8 is applied. In a camera mode, a first camera signal and 
second camera signal having 1280 pixels X 480 lines are read from the CCD imager 16. 
The line memory 30 has a capacity of 2 lines. The 2-screen compositing circuit 34 creates 
composite camera data of 1280 pixels X 480 lines from first camera data outputted from 
the line memory 30 and second camera data outputted from the A/D converter 20. 
Furthermore, the signal processing circuit 34 creates image data of 640 pixels X 480 
lines based on the composite camera data of 1280 pixels X 480 lines, and supplies it to the 
LCD 38. As a result, through-images are displayed on the LCD 38 which is broadened in 
dynamic range in a pseudo fashion. 

deferring to Figure 8, the TG 22 includes an H counter 22h and a V counter 22i. 
H counter 22h is to count the number of horizontal pixels. A horizontal count value 
is reset in response to a horizontal sync signal and decremented responsive to a pixel 
clock. On tHfe other hand, the V counter 22i is to count the number of vertical lines. A 
vertical count Value is reset in response to a vertical sync signal and incremented 
responsive to a P^rizontal synchronizing^gnaL^oth the horizontal and vertical count 



values are delivers to the^decoders 12j - 22s. ^ 

The decoder 22j creates a cfiarge'sweep pulse SUB based on these count values. 
Also, the decoder 22k creates a horizontal transfer pulse H1(H1 pulse) from the input 
count values. The decoders 22m and 22n create a vertical transfer pulse VI (VI pulse) 
and vertical transfer pulse V3 (V3 pulse) from the count values. Furthermore, the 
decoders 22p - 22s respectively create timing pulses XV2A, XSGA, XV2B and XSGB. 
Among them the timing pulses XV2A and XSGA are delivered to a driver 22t, while the 
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timing pulses XV2B and XSGB are given to a driver 22u. The drivers 22t and 22u 
respectively create a vertical transfer pulse V2A (V2A pulse) and a vertical transfer pulse 
V2B (V2B pulse) based on the given timing pulses. Incidentally, Figure 8 shows only the 
blocks related to the camera mode. 



cpft-espona to three metals. The vertical transfer pulses VI, V3, V2A and V2B outputted 
from the TG^2 are applied to the respective metals in a manner shown in Figure 9 and 
Figure 10. That is, considering three metals assigned to each light receiving element 16a, 
a VI pulse is applied to an uppermost metal and a V3 pulse is to a central metal. A V2A 
or V2B pulse is appUed to a lowermost vertical transfer pulse. The ones to which the 
VIA and V2B pulses Ve applied are switched every 2 pixels. That is, Figure 9 shows 
pixels on an odd number^ column. On the odd numbered column, for the vertically 
continuing R pixel, G pixel^ pixel and G pixel, a V2A pulse is supplied to the upper 
half, i. e. the R pixel and G pi^l while a V2B pulse is given to the lower half, i.e. the R 
pixel and G pixel. Figure 10 shows pixels on an even numbered column. Herein, a V2A 
pulse is supplied to the G pixel and K pixel as the upper half of continuing 4 pixels while 
a V2B pulse is given to the lower half y pixel and B pixel. 

Explanation will be made on the output timings of the vertical transfer pulses VI, 
V3, V2A and V2B with reference to Figur^l to Figure 14. In a duration A immediately 
after conducting long-time exposure (first exposure) shown in Figure 11, the respective 
pulses vary as shown in Figure 12. When the Vz^ pulse becomes a plus in level, the first 
charge on a corresponding pixel is read onto the vertical transfer register 16b. After read 
out, the VI and V3 pulses assume twice a pulse level insdifferent timing from each other. 
Also, the V2A and V2B pulses simultaneously assume twite a minus level. Due to this, 
the first charge is vertically moved by 2 lines. \ 




stated before, each light emitting element 16a of the CCD imager 16 
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According to Figure 9, respective charges R4L and G4L are read from the pixels 
R4 and G4 while respective charges R2L and G2L are read from the pixels R2 and G2. 
The read charges R4L, G4L, R2L and G2L are vertically moved by 2 lines. Also, 
according to Figure 10, respective charges G4L and B4L are read from the pixels G4 and 
B4 while respective charges G2L and B2L are read from the pixels G2 and B2. The 
charges G4L, B4L, G2L and B2L are also vertically moved by 2 lines. 

The pixels (light receiving element) to be read are only the upper-half 2 pixels ^ 
among vertically continuing 4 pixels, and the lower-half 2 pixels are not to be read. That 
is, the light receiving elements to be read intermittently exist every 2 pixels, and the 
number of pixels of a lacking portion is also 2 pixels. Consequently, due to the afore-said 
2-lines movement the charge is positioned to a vacant transfer region. 

y^hort-time exposure (second exposure) is started immediately after reading out 



ffle chargAin the period A. Due to this, the charge is again accumulated on each light 
receiving element 16a. In a period B beginning from the completion of short-time 
exposure, the p^lse vary as shown in Figure 13. First, the V2A pulse becomes once a plus 
level, and the chafee on a corresponding pixel is read onto the vertical transfer register 
16b. On an odd nun\bered column shown in Figure 9, respective charges R4S and G4S 
are read out of adjacenV)ixels R4 and G4, and respective charges R2S and G2S are read 
from the pixels R2 and G^djacent through a distance of 2 pixels. On the other hand, on 
an even numbered column sntown in Figure 10, respective charges G4S and B4S are read 
out of adjacent pixels G4 and b\ and respective charges G2S and B2S are read from the 
pixels G2 and B2 adjacent through\ distance of 2 pixels. 

The charge read out during the period A (first charge), at a time point of short-time 
exposure completion, has vertically moved by 2 lines. Thus, the charge read out during 
the period B (second charge) is not mixed with the charge read during the period A. The 
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first and second charges thus read exist on a 2-pixel basis with respect to the vertical 
direction. That is, according to Figure 9, the first and second charges exist in a form of 
R4S, G4S, R4L, G4L .... According to Figure 10, the first and second charges exist in a 
form of G4S, B4S, G4L, B4L .... 

Referring back to Figure 13, after the second charge has read onto the vertical 
transfer register 16b, the VI and V2 pulses assumes only once a plus level in different 
timing while the V2A and V2B pulses simultaneously assume once a minus level. Due to 
this, the charges existing on the vertical transfer register 16b (first and second charges) 
are vertically transferred by 1 line. 
10 1^^""^V period C the pulses vary as shown in Figure 14. First, the VI pulse becomes 
IS level, and then the V2A and V2B pulses simultaneously become once a minus 
level. Thereafter, the V3 pulse becomes once a plus level. Due to this, the charge on the 
vertical transfer register 16b is vertically transferred by 1 line. That is, the first and 
second chargefe are vertically transferred each 2 lines in a coexisting fashion. Thereafter, 
15 vertical transferVulses VI, V2A, V2B and V3 are outputted in a procedure as shown in 
Figure 14, and theVharge on each line is transferred toward the horizontal transfer register 
16c. 

Incidentally, charge sweep pulses SUB are outputted once per each start of the 
first exposure and second exposure, and further continuously outputted from an end of the 
20 ^^second exposure to a start of the next first exposure. 

Mie first or second charge delivered to the horizontal transfer register 16c is then 
horizontal transferred by an HI pulse and outputted line by line from the CCD imager 
16. At this tVne, a first camera signal continues over a 2-line period, and subsequently a 
second cameraVignal continues over a 2-line period. The switch SWl is switched 
25 between the tenmnals S2 and S3 every 2-line period. Due to this, the first camera data 
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outputted from the A/D cor verter 20 is supplied to the 2-screen compositing circuit 42 via 



[)o a line n 
20 is gi 



memory 30, Similar] 
given as it is to the 2-s 



y, the second camera data outputted from the A/D converter 
reen compositing circuit 32. That is, first and second camera 



data related to each other ai^ simultaneously inputted to the 2-screen compositing circuit 
32. 

The 2-screen compositing circuit 32 composites the simultaneously-inputted first 
and second camera data to create composite camera data having a dynamic range 
broadened in a pseudo fashion. The created composite camera data has pixels in number 
of 1280 pixels X 480 lines. A signal processing circuit 34 creates image data of 640 
pixels X 480 lines, based on the composite camera data. The created image data is sent 
to an LCD 38. As a result, through-pictures are displayed on the screen. 

According to these embodiments, in the camera mode first and second exposures 
are carried out by the electronic shutter scheme. The first charge created by the first 
exposure is read from the vertically-intermittent light receiving elements to the vertical 
transfer registers. The second charge created by the second exposure is also read from the 



CTtically-intermittent light receiving elements to the vertical transfer registers. 



/^ere, the light receiving element from which the first charge is to be read out is the 
'^me as tke light receiving element that the second charge is to be read out. The first 
charge is traiisferred to a vacant transfer region of the vertical transfer register 
simultaneousW with or prior to reading out the second charge. Furthermore, the moving 
distance of the Mrst charge is equal to or greater than a distance between the light 
receiving elements to be read out. Due to this, there is no possibility that the first and 
second charges be mixed with each other. By implementing a composite process based 
on the first and seconci charges as above, it is possible to display on the LCD images 
whose dynamic range ia broadened in a pseudo fashion. 
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Also,iwhen the shutter button is pressed, light incidence onto the CCD imager is 
actually blocfted off by the mechanical shutter scheme. This eliminates the necessity to 
read out the chWe immediately after exposure ending. The charges can be held on the 
light receiving dlements. That is, fourth exposure can be made even v^hile a third camera 
signal is being dutputted third exposure. Thus, it is possible to bring close in timing the 
third exposure aid fourth exposure in timing to each other. As a result, even where the 
subject is moving^t high speed, blurring is prevented from occurring in the record image. 

Incidentally, although in this embodiment explanation was made using a primary 
color filter having R, G and B arranged in a mosaic form, a complementary color filter 
may be used which having Ye, Cy, Mg and G arranged in a mosaic form. 

Also, in this embodiment the light receiving element from which the first charge is 
to be read out (first light receiving element) is common to the light receiving element that 
the second charge is to be read out (second light receiving element). Alternatively, the 
first light receiving element and the second light receiving element may be different from 
each other provided that no mixing occur between the first charge and the second charge. 

Furthermore, in this embodiment the first exposure period was longer than the 
second exposure. However, the second exposure period may be set longer than the first 
josure period provided that the respective periods are different. 

irthermore, the first exposure and second exposure by the electronic shutter 
scheme as ^11 as the compositing process with the first and second camera data based on 
the exposures ate implemented only in a camera mode, i.e. through-image display mode. 
However, such process is applicable also to a motion-image record mode to record 
moving images to a re^)rding medium. 

Although the present invention has been described and illustrated in detail, it is 
clearly understood that the same is by way of illustration and example only and is not to 
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be taken by way of limitation, the spirit and scope of the present invention being limited 
only by the terms of the appended claims. 
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